
1 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
.. . 

RESEARCH MEMORANDUM 

FREE-SPINNING  TUNNEL  INVESTIGATION OF A &-SCALE 

MODEL OF TKE DOUGLAS X-3 AIRPLANE 

By Burton E. Hultz 

Langley Aeronautical Laboratory 
Langley Field, Va. 



NACA RM L5Uc12 

NATIONAL ADVISOFE C O M M I B E E  FOR AEXONAUTLCS 

FElEE-SPIMMNG TUNNEL INVESTIGATION OF A - S C U  I 

MODE& OF T€E DOUGLAS X-3 AIRPLANE 

By Burton E. Hulta 

SUMMARY 

An investigation  of  the spin and  spin-recovery  characteristics of 
a - -scale  model  of  the Douglas X-3 airplane was conducted in the 

number of the  present  tests,  the  pitching-moment  characteristics  of a 
scale  model  were  not  typical  of  larger  scale  results. m e  spinning 

of larger  scale  were  obtained by the adoption of a modified  fuselage 
nose  contour. 

1 
20 

7 Langley  20-foot  free-spinning  tunnel, It was found  that, at the Reynolds 

% characteristics of a model  with  moment  characteristics  representative 

The  results of the  tests  indicated that, at altitudes near 
15,000 feet  and  probably  up to about 30,000 feet,  the X-3 airplane will 
not  exhibit any unusual trim tendencies  and it will be difficult to 
obtain  erect  spins in the  airplane  unless  the  ailerons  are full with  the 
spin.  Recoveries f r o m  spins obtained will be satisfactory if all con- 
trols are neutralized.  Irrverted spins obtained ell be  satisfactorily 
terminated by rudder  reversal. Analysis indicates  that,  for  high  sub- 
sonic Mach numbers such as may be  obtained at very high altitudes,  the 
airplane m y  trim  at a flat stalled  attitude and it may be  necessary  for 
the  airplane  to  descend  to a lower  altitude  before normal flight  attitude 
can  be  regained. 

Results of previous  dynamic  tests  of a model  of t he  X-3 airplane 
conducted in the 20-f oot  free-spinning  tunnel  (reference 1) indicated 
a tendency for the  model  to  trim  at  very  high angles of  attack (70' to 
80O). Results of static  force  tests,  also  presented in reference I, 
indicated  that  the unusual trim conditions  were  associated  with  the  high 
cross-flow  drag  on  the  fuselage, drag due to the component of air flow 

* 

L 



2 NACA RM LsIXJ-2 

perpendicular to   the  fuseage,  a t  the  subcrit ical  Reynolds number a t  which IC 

the dynamic tests w e r e  conducted. Stat ic  tests a t  higher Paynolds numbers 
indicated  that  the corresponding airplane  would-not  exhibit flat trinrming 
tendencies a t  low.subsonic %ch  numbers. me present  investigation was 
undertaken to  determine the  probable  spin and spin-recmery  characteris- 

rn 

t i c s  of-the X-3 airplane by tests of a &-scale  model, the nose of which 
could readily be  replaced by  a st ing t o  approximate the  larger Reynolds 
number pitching moments, inasmuch as the  size of model required t o   a t t a i n  
the  desired Reynolds number could  not be accommodated i n   t h e  spin tunnel. 
The present  investigation  included  force tests and erect-spin t e s t s  of 
the model both i n  its o r i g i n a l  and  modified  configurations, and inverted 
sp in   t es t s  of the model in i ts  modified  configuration. 

SYMBOLS 

b wing span, f e e t  

S wing area, square feet 

C mean aerodynamic  chord, f e e t  

x/'. r a t i o  of distance  of  center of g r a a t y  rearward of leading 

Z / E  r a t io  of perpendicular  distance between center of gravity and 

- 

edge of mean aerodynamic  chord t o  mean aerodynamic chord 

wing-center l i n e   t o  mean a e r o w m i c  chord (positive when 
center of gravity is below l ine)  

h 

I 

m mass of airplane, slugs 

Ix,.Iy,  IZ moments of iner t ia  about X, Y, and Z body axes, respectively, 
slug-feet2 

IY - =z 
mb2 

iner t ia  

Iz - =x 
r )  iner t ia  

yawing-moment parameter 

rolling-moment parameter 

pitching-moment parameter 
F 

c '  

mbL 
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angle of attack,  degrees ( f o r  the spin data presented on the 
charts, a is the angle between the  fuselage  reference 
l i n e  and ve r t i ca l  and is approxi.mte1-y equal to the  abso- 
lute  value of the angle of attack a t  plane of symmetry) 

angle of pw, degrees 

angle between --span &s and horizontal,  degrees 

full-scale  angular  velocity  about spin axis, revolutions 
per second 

velocity of air stream or  full-scale  true  rate of descent, 
fee t   per  second 

a i r  density, slugs per cubic foot 

relative  density of airplane (m/pSb) 

kinematic  viscosity, square feet   per  second ' 

deflection of horizontal tail, degrees 

Reynolds number, VZ/v 

pitching moment, footrpomds 

lift, pounds 

pitching moment coefficient  (about the center of  gravity) 
M 

lift coefficient (&) 
drag coefficient (-) 
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The  investigation was conducted on a - -  I scale  model,  built at the 
20 

Langley  Laboratory,  of  the X-3 airplane shown in figure 1. Provisi-trfl 
was made  for  modifying  the  model  to  compensate  for  scale  effect on the 
fuselage  by  replacing  the normal nose with a st-  having  approximately 
one-fourth  the  projected  area  of  the  normal  nose  section  (the  sting  nose 
being 11.5 inches long and  tapering  from ,I - inch  diameter at the  tip  to 
5 -inch  diameter at the  base). Figures 2 and 3 are  photographs  of  the 
8 
model in its  original  and  modified  configurations,  respectively. A com- 
parison  of  the  horizontal tail used in the  investigation  of  reference 1 
and  the  larger  horizontal tail currently  planned  for  the  airplane  and 
used  for  the spin tests  of  the  present  investigation  is shown in fig- 
ure 4. The  dimensional  characteristics  of  the  airplane  represented  by 
the  model  are  given in table I and  the mss characteristics  on  table 11. h 

8 

The  model was ballasted  to obtain d mic  similarity  to  the  airplane 
at 15,000 feet (p = O , o o U @ 6  slugs/cu f t r  A remote-control  mechanism I 

was installed in the  model  to  actuate  the  controls  for  the  recovery 
attempts  with  moments  exerted  on  the  controls  during  the  recovery  attempts 
being  sufficient  to  move  them  rapidly  to  the  desired  position. 

W5nd  Tunnel  and  Testing  Technique 

Spin  tests,-  The  spin  tests  were  performed in the  Langley  20-foot 
free-spinning  tunnel,  the  operation  of  which  is  generally  similar  to 
that  described in reference 2 for  the  Langley  15-foot  free-spinning 
tunnel  except  that  the  model-launching  technique has been  changed.  With 
the  controls  set in the  desired  position,  the  model is launched by hand 
with  rotation  into  the  vertically  rising  air  stream.  After a number  of 
turns in the  established spin, a recovery  attempt is made by moving  one 
or  more  controls  by  means  of  the  remote-control  mechanism.  After  recovery, 
the  model  dives  into a safety  net.  The spin data obtained  from  these 
tests  are  then  converted  to  corresponding  full-scale  values  by  methods 
also described in reference 2. 

In accordance  with standard spin-tunnel  procedure,  tests  were  per- 
formed  to  determine  the  spin  and  recovery  characteristics of the  model 
for  the  normal  spinning  control  configuration  (elevator full up,  ailerons 
neutral,  and  rudder full with  the spin} and  for  various  other  aileron- 
elevator  conibinationa  including  neutral  and maximum settings  of * e  sur- * .  
faces.  Recovery was generally  attempted  by  rapid  reversal of the  rudder 

w 
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from f u l l  with t o  full against  the spin. Recovery attempts were also 
made by movement of the  ailerons  alone o r  Fn combination Kith  rudder 
MOVelTEIlt. 

For  normal spins,  turns f o r  recovery a r e  measured from the time the 
controls  are moved t o  the time the  rotation  ceases. A sat isfactory 
recovery from a spin for  the model is considered t o  be two turns o r  less .  
For the  spins which had a rate o'f descent in excess of that which can be 
attained in  the  tunnel,  the rate of descent was recorded as  greater  than 
the  velocity a t  the time the Model hit the  safety  net, that is, >300 f e e t  
per second fu l l  scale. Recovery results obtained from these  spins  are 
considered  conservative; that is, the  recoveries  are somewhat slower than 
those that would have been  obtained had the model been in its final 
steeper  spin  attitude. For  cases where the model recovered  without con- 
t r o l  movement  when launched i n  a sp= a t t i t ude  with the  controls set 
for the  spin,  the  condition was recorded a s  *'no spin.11 

Balance tests.- The balance t e s t s  were made by mounting the model 
on the  spin  tunnel  strain-gage  balance  described i n  reference 3. These 
t e s t s  were made p r i m r i l y   t o  evaluate pitching-moment characterist ics of 
the unmodified  and  modified (st- nose)  versions of the model. 

TEST CONDITIONS 

The spin tests were performed #ith the m o d i f i e d  and modified 
(s t ing nose) model in the  clean  condition f o r  the original design  gross 
weight, tabulated as loading number 1 in table 11. All d p m i c  b e s t s  
were =de with  the  larger  revised  horizontal ta i l  surfaces, as previously 
indicated. Although the  design gross-weight loading of the  airplane was 
revised  during the course of the model t e s t s   ( t ab l e  It), the model loading 
was not   a l tered  to  conform t o  this revised loa- because it was felt  
that the  resul ts  would be essent ia l ly  the same f o r  e i ther  the origizaal 
o r  revised  design gross-weight conditions. The mass characterist ics of 
the model a t  the beginning  and a t  the end of the  investigation are  tabu- 
la ted in  table 11. The mass characterist ics and i n e r t i a   @ m e t e r s   f o r  
the  various  loading  conditions  listed in table 11 are  plot ted i n  figure 5. 
The maximum control  deflections used Fn the tests were: 

Rudder, degrees . . . . . . . . . . . . . . . . . . .  20 right,  X) l e f t  
All-movable horizontal tail, degrees . . . . . . . . . .  23 up, 9 down 
Ailerons,  degrees . . . . . . . . . . . . . . . . . . .  12  up, 12  down 

The balance t e s t s  w e r e  conducted a t  a Reynolds number  of 1s0,OoO 
(based on E ) ,  which corresponded t o  the approximate Reynolds number a t  
w h i c h  the  spin tests w e r e  performed. The Mach  number  of the t e s t s  was 
approximately 0.06. For  comparative  purposes, the smll horizontal tail 
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used  for  the  investigation  of  reference 1, having  deflections  of 25' up, 
neutral,  and 10' down, was installed  on  the  model  for  most of the  balance 
tests of 

The 
shown in 
ber  obta 

the  present  investigation. 

RESULTS AND DISCUSSION 

pitching-moment  characteristics  of  the 
figure 6 and  are  compared  with data at 

unmodified  model  are 
the  larger  Reynolds  num- 

ined in reference 1. A s  previously  indicated,  the small hori- 
zontal  tail was used  on  the 20-scale spin  model  for  these  tests  to 
afford a direct  comparison  with  the  larger-scale  data.  The low Reynolds 
number  results  show  high  angle-of-attack  trim  conditions  for  all  hori- 
zontal  tail  settings.  On  the  other  hand,  the  pitching-moment  curves 
obtained at higher  Reynolds  number  (from  reference 1) are  indicated  to 
be  stable  over  most  of  the  angle-of-attack  range and indicate no unusual 
trim  conditions  (also  shown  on  fig. 6). These  differences in pitching- 
moment  characteristics  are explained in reference 1 as being  attributable 
to  the  change in cross-flow  drag  coefficient  on  the  fuselage  with  change 
in Reynolds  number.  Because  it was believed  that  the  high  angle-of- 
attack  trim  conditions  exhibited by the 20 -scale  spin  model  were  due 
primarily  to  the  large  drag  on  the  nose at low Reynolds  number,  the 
fuselage  nose was replaced  by a sting having approximately  one-fourth 
the  projected.area of the  normal  nose in an attempt  to  simulate  larger 
Reynolds  number  piItch5ng-moment data. The  results  of  these  tests,  pre- 
sented in figure 7, show  good  qualitative  agreement  between  the  pitching- 
moment data of  the  modified - - scale spin model and the  larger-scale 
pitching-moment data obtained  from  reference 1, As has been  stated 
previously,  the small horizontal tail was on the model  for  these  tests; 
however,  it  is  believed thatyfor low subsonic'Mach  numbers,  the  spin 
model  with  the  sting  nose  and  large  horizontal tail installed  should 
simulate  closely  the  pitching-moment  characteristics  of  the  full-scale 
airplane  with  the  Large tail installed.  The  pitching-moment  character- 
istics ofthe model  modified by the  sting-nose i n s t a l l a t ion  are  considered 
to be  similar  to  those  that  the  full-scale  airplane  might  experience at 
spinning  attitudes  at 15,000 feet.  Brief  computations  rnade  using low- 
speed  aerodynamic data indicated  that  similar  pitching-moment  character- 
istics  might.be  expected in spins or stalled  glides  up  to  approximately 
3O,OOO feet  beyond  which  Mach effectmy be  encountered. 

1 

I 

20 

As pointed  out in reference 1, the  pitching-oment  characteristics 
of  the  unmodified  spin  model  should  be  somewhat similar ta full-scale 
pitching  moments  at  high  subsonic  speeds. As is explained in reference 1, 
this  result  is  due  to  the  similarity  of  the  cross-flow  drag  coefficient 

c 
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over  bodies of revolution a t  cross-flow Mach ntrmbers exceeding  approld- 
mtely 0.5 and the cross-flow drag coefficients  obtained a t  the low' 
Reynolds nuniber and low Hach  number a t  which the spin tests were con- 
ducted. Thus, the results of the  irrvestigation  presented herein fo r   t he  
unmodified model are expected to be applicable to   the   a i rp lane   for  very 
high test altitudes, (which may be as low as 30,000 f ee t )  where high 
speeds would be expected even a t  spinning or s ta l led   g l ide   a t t i tudes .  

Spin Tests of M m i e d  (Sting Nose)  Model 

Erect s ins.- The results of the erec t  spin tests of the model with 
large& t a i l  and modified (sting) nose ins ta l led   for   the  original 
design  gross  weight loading  (loading 1 in table  I1 and f ig .  5 )  are pre- 
sented on chart  1. 

As is shown on chart  1, erect spins were obtained f o r  o n l y  two con- 
t rol   se t t ings,   a i lerons full w i t h  the spin with the horizontal tail s e t  
fu l l  up or full down. For a l l  other  control  configurations, the initial 
rotation  inparted on launching damped out  rapidly  and  the model e i ther  
dived when ailerons w e r e  neutral  o r  with the   sp in   ( s t ick   r igh t   in  a 
right spin) or sometimes  went in to  a steep  aileron roll Fn the  direction 
of  the ai leron  set t ing when the ailerons were against the spin. In  no 
instance  did  the model exhibit any flat-tr- tendencies. When ailerons 
were f u l l  Kith the  spin and the  horizontal tail was ful l  down, an extremely 
unusual motion occurred,  the model r o l l i n g  rapidly  about i t s  longitudinal 
body axis while rotating  about a ve r t i ca l  axis as i n  a normal spin. 
Although this motion could  not  be  stopped by reversal  of the rudder, 
simultaneous  neutralization of rudder and ailerons  terminated the motion 
rapidly. The spin obtained rJith horizontal tail f u l l  up was very  steep 
and  could also be temLmted  sat isfactor i ly  by sirmzltaneous neutraliza- 
tion of  rudder  and  ailerons.  Accordingly, it appears that neutralization 
of  a l l  controls  should terminate any turning motion above the stall 
obtained on the airplane. 

No tests were conducted f o r  any of the  other loading conditions 
possible on the airplane, table 11, inasmuch as it was belleved that the 
resu l t s   for   the  o t h e r  possible  airplane  loadings would be sFmilar t o  
those  obtained f o r  the condition tested. 

Inverted spins.- The resu l t s  of the inverted-spin tests of the 
modified model with the  large  horizontal tail installed  are  presented 
i n   c h a r t  2. It should  be  noted that the  order used for  presenting  the 
data for  inverted  spins is different from that used fo r   e r ec t  spins. 
For inverted  spins,  controls  crossed  for  the  established  spin  (right 
rudder  pedal  forward  and  stick t o   p i l o t ' s   l e f t   f o r  a spin t o  the p i lo t ' s  
r ight)  is  presented t o  the right of the chart  and s t i ck  back is presented 
a t  the bottom. When the controls are crossed i n  the  established  spin, 
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the ailerons aid the  rolling motion; when the controls are together,  the 
ailerons oppose the  roll ing motion. 

The inverted  spins  obtained were very  steep and recoveries by rudder 
reversal  alone  were.generally  satisfactory. , The model indicated no f la t  
trimming tendencies. The results indicate that rudder  reversal will 
insure satisfactory  recoveries from any  inverted  spins  obtained on the 
airplane . 

Spin  Tests of Unmodified Model 

The resu l t s  of the erect  spin t e s t s  of the unmodified model (normal 
nose) with the large  horizontal tail jnstalled are  presented i n  chart 3 .  
As has been stated previously  and as had been indicated i n  reference 1, 
it is  believed that the pitching-moment character is t ics   for  t h i s  model 
configuration a t  the low  Reynolds number a t  which the spin-tunnel tests 
were mde should be somewhat similar t o  the pitching-moment character- 
i s t i c s  of the full-scale airplane a t  high subsonic Mach numbers. It i s  
expected, as previously  indicated, that the results of these model tests 
should  apply t o  the airplane a t  very  high  altitudes i n  s ta l led  o r  spinning 
a t t i tudes  . 

4 .  

b 

Results of the model spin tests, chart 3, showed that a f t e r  the 
launcking rotation was expended, the model tended t o  remain a t  a high 
angle of attack, approximately TO0, for   the  neutral  and up sett ings of 
the  horizontal tail. For these horizontal tail settings,  the model 
generally  rotated slowly i n  the  tunnel while osci l la t ing approximately 
&Zoo in r o l l ;  the  radius of the model path  increased as the motion pro- 
gressed and i n  some instances the rotat ion was observed t o  stop and the 
model entered a flat stalled  glide.  When the ailerons were against  the 
spin  for  the neutral and up set t ings of the  horizontal tail, the model 
sometimes rolled  rapidly in the  direction of the aileron  setting,  the 
fuselage remaining a t  a flat stal led  a t t i tude.  Although not- specifically 
tested,  neutralization of the  ailerons should  terminate  any  such motion 
obtained on the airplane; however, the airplane  should trim f l a t  for 
these  elevator settings. When the horizontal tail was down, motions 
similar t o  those  obtained  with  the  horizontal tail neutral   or up were 
encountered  except that when the ailerons were neutral   or with the  spin 
the model dived  out a f t e r  the turning motion was terminated,  indicating 
that-placing the horizontal tail down was effective i n  restoring  the-model 
t o  ~ormal f l ight   a t t i tudes  for   set t ings of the  ailerons  neutral and Kith 
the  spin. 

No balance t e s t s  were conducted with the  horizontal tail down for 
this configuration of the model, but tests were conducted with the  hori- 
zontal tail a t   n e u t r a l  and t h e  results of these tests are presented i n  
figure 8. These t e s t  results are  consistent  with the resu l t s  of  the 
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. 
dynamic tests and indicate a trim condition a t  approximately TO0 angle 
of a t tack with the   horizontal   ta i l  a t  neutral. On the  basis of the  force 

model a re  considered  marginal inasmuch as it was indicated that the 
horizontal tail must be moved  down w e l l  beyond neutral  to pitch the model 
out of a s ta l led  a t t i tude.  Because of possible  differences i n  pitching- 
moment characterist ics between  model and airplane, however, it is possible 
that even ful l  down  movement of the  horizontal tai l  may not be effect ive 
in pitching the airplane  out of any high s t a l l ed   a t t i t udes  obtained, and 
it may be necessarg f o r  the  ahplane to descend t o  lower a l t i tudes  and 
corresponding  lower Mach numbers t a r e g a i n  normal f l i gh t .  

t and spin t e s t s ,  the longitudinal trh characterist ics of the unmodified 

It should be noted that the  results of these tests are similar to 
resul ts  of the dpxm5.c tests reported in reference 1 except that, when 
deflected full  d m ,  the small horizontal tail ins ta l led  on the model 
f o r  the  tests  reported  in  reference I was not  effective i n  terminating 
the f la t  trlmmed a t t i tudes  obtained. 

No inverted  spin  tests were conducted f o r  this  configuration of the 
a model because it was believed that the results of inverted  spin tests 

.I setting  the  horizontal tail. down ( re la t ive  t o  ground} and s t i c k   l a t e r a l l y  

would be generally  similar t o  the results obtained f o r  e rec t  spins and 
any f l a t  trim condition  obtained  could  be  effectively  terminated by 

neutral. 

CONCLUSIONS 

Based on resu l t s  of tests of a " scale 
20 

model of the Douglas X-3 
airplane,  the  following  conclusions regarding the spin and recovery 
characterist ics of the  airplane  are made: 

1. A t  t e s t   a l t i t udes  up t o  approximately 30,000 feet ,   the airplane 
Kill probably  not  spin  erect unless the ailerons are fu l l  with the spin 
( s t ick   r igh t  in a r igh t  s p i n ) .  Any spinning motion obtahed should  be 
terminated  satisfactorily by neutralization of a l l  controls. No unusual 
trim  conditions  should be obtained. 

2. Any inverted  spins  entered i n  the  vicini ty  of  15,000 to 3O,OOO f e e t  
a l t i tude  will be satisfactorily  terminated  by  rudder  reversal. 
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r 
3. A t  very high  altitudes and associated  high  subsonic Mach numbers, 

the  airplane may be capable of  t w .  a t  high angles of at tack and it  
may be necessary for the  airplane to descend t o  lower a l t i tudes   to  
recover from any f la t  s ta l led   a t t i tude  obtained. 
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wing : 
Span. f t  ..................... 
A-Tea.sqft .................... 
Air fo i l s ec t ion  . . . . . . . . . . . . . . . . . .  
Aspect ra t io  . . . . . . . . . . . . . . . . . . .  
Taperrat io  . . . . . . . . . . . . . . . . . . .  
Thickness ratio. percent  chord . . . . . . . . . . .  
Incidence . . . . . . . . . . . . . . . . . . . . .  
DiJmdral . . . . . . . . . . . . . . . . . . . . .  
Sweepback (50 percent  chord). deg . . . . . . . . .  
M e a n  aerodynamic chord. f t  . . . . . . . . . . . .  

Chord.ft . . . . . . . . . . . . . . . . . . . .  Leading edge of a rearward of  leading edge of root 
a 

. . . . . .  22.7 . . . . . .  166.5 
Modified hexagon . . . . . .  3.1 . . . . . .  0.308 . . . . . .  k.5 . . . . . . .  0 . . . . . . .  0 . . . . . . .  0 . . . . . .  7.84 

. . . . . .  2.06 
Ailerons : . . . . . . . . . . . . .  

V Area (rearward of hinge line). sq ft 8-5 
Span. percent wing span .................... 29 . 8 

Flaps : 
Leading-edge 

Area (forward  of hinge m e ) .  sq f t  . . . . . . . . . . . . .  17.3 
Span. percent wing span . . . . . . . . . . . . . . . . . . .  73.2 

=rearward  of hinge line). sq f t  . . . . . . . . . . . .  18.5 
Span. percent wing span . . . . . . . . . . . . . . . . . . .  44.6 
. .  -edge 

Horizontal tail surfaces: 
Totalarea.  s q f t  ....................... 43.42 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  ..l 3.77 
Aspectrat io  . . . . . . . . . . . . . . . . . . . . . . . . .  4.37 
Taperrat io  . . . . . . . . . . . . . . . . . . . . . . . . .  O . U O  

Sweepback. a t  50 percent  chord . . . . . . . . . . . . . . . .  10.57 
Dihedral . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Distance from center of gravity to hinge line. ft . . . . . . .  22.40 
Vertical tail surfaces: 

T o t a l  area. sq f t  ....................... 23.7 
Rudder a- (rearward of hinge l i ne )  . sq f t  . . . . . . . . . .  d.1 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  , . 1;3 

t &per r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  0.298 
Sweepback a t  50 percent chord. deg . . . . . . . . . . . . . .  ' 30- 
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Figure 1.- Three-view drawing of the unmodified 4 - scale model investigated. 
20 

(Large horizontal tail installed.  1 



a t r L 

Figure 2.- Photograph o f  model with n o m 1  nom jashl led.  

. 
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Figure 3.- Photograph of modified model - sting nose installed. 
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-, Original  tait used tn investigation 
reported in reference I 

-- --Revised tail used In present 
investigation / 

/ 

t" / 

I 
\ I 
L"" -I =w97 

Figure 4.- Comparison of small horizontal tail used in the investigation 
of reference 1 and the  horizontal t a i l  used for the present dynamic 
t e s t s .  Dimensions are full scale. 
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0 Airplane values 
UModel values 

NACA RM LSl.KJ2 

ly-lz Retafive mass distribution - 
mb2 increased along the wings 

' igure 5.- Mass parameter  plot f o r  t h e  various airplane loading conditions 
and f o r  the conditions  tested on the model as tabulated in table 11. 
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-o.6H-- &-scale at R=150,000 
IO ' scale at R= I, 124,000 "" 

Angle of attack, a ,degrees 

Figure 7.- Comparison of the  pitchhg-mornent  characteristics of the 

modified ---scale model (sting nose installed) used in the current 
investigation and the  larger  scale model reported in reference 1. 
$ = 0'. (Small horizontal tail on both models.) 
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0 
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n 
1.2 

0.8 

0.4 

0 

Angle of attack, a, degrees 

Figure 8.- Aerodynamic characteristics  of the unmodified -- scale model 
20 

with large horizontal tail installed. = 0'. 6, = 0'. 


